Human B cells with immunoregulatory properties in vitro (Bregs) have been defined by the expression of IL-10 and are enriched in various B-cell subsets. However, proinflammatory cytokine expression in B-cell subsets is largely unexplored. We examined the cytokine profiles of human PBMCs and found that subsets of CD24 hi CD38 hi transitional B cells (TrBs), CD24 hi CD27 + memory B cells, and naïve B cells express IL-10 and the proinflammatory cytokine TNF-a simultaneously. TrBs had the highest IL-10/TNF-a ratio and suppressed proinflammatory helper T cell 1 (Th1) cytokine expression by autologous T cells in vitro more potently than memory B cells did, despite similar IL-10 expression. Whereas neutralization of IL-10 significantly inhibited TrB-mediated suppression of autologous Th1 cytokine expression, blocking TNF-a increased the suppressive capacity of both memory and naïve B-cell subsets. Thus, the ratio of IL-10/TNF-a expression, a measure of cytokine polarization, may be a better indicator of regulatory function than IL-10 expression alone. Indeed, compared with TrB cells from patients with stable kidney graft function, TrBs from patients with graft rejection displayed similar IL-10 expression levels but increased TNF-a expression (i.e., reduced IL-10/TNF-a ratio), did not inhibit in vitro expression of Th1 cytokines by T cells, and abnormally suppressed expression of Th2 cytokines. In patients with graft dysfunction, a low IL-10/TNF-a ratio in TrBs associated with poor graft outcomes after 3 years of follow-up. In summary, these results indicate that B cell-mediated immune regulation is best characterized by the cytokine polarization profile, a finding that was confirmed in renal transplant patients.
B lymphocytes have functions beyond the production of antibodies. [1] [2] [3] [4] [5] [6] [7] [8] [9] An immunoregulatory role for B cells, first described in murine colitis, 10 has since been supported by studies in a variety of autoimmune and alloimmune models. [11] [12] [13] [14] [15] [16] Regulatory B-cell (Breg) activity is characteristically IL-10 dependent. Murine B cells also express a variety of proinflammatory cytokines that can polarize T cells in vitro and markedly influence the immune response to pathogens in vivo. 5, 9 However, the phenotype of B cells expressing proinflammatory cytokines is largely unknown.
In humans, CD19 + CD24 hi CD38 hi transitional B cells (TrBs) isolated from peripheral blood were shown to be enriched for IL-10 expression, and inhibit inflammatory cytokine expression by autologous CD4 + T cells in vitro. 17 In patients with SLE, TrBs were defective in IL-10 expression and unable to suppress helper T cell 1 (Th1) responses in vitro. 17 By contrast, another study showed that human Bregs, defined by IL-10 expression, were enriched in the CD19 + CD24 hi CD27 + "memory" subpopulation 18 with increased B-cell IL-10 expression in patients with autoimmune disorders.
Although IL-10 expression by putative regulatory B-cell subsets has been studied, the concomitant expression of proinflammatory cytokines, possibly by the very same B cells, and their effect on regulatory activity in vivo or in vitro is unknown. Such insights may aid further description of Breg subsets and clarify discrepancies in the literature regarding the influence of B cells in inflammatory settings.
In this study, we characterize B cells in human peripheral blood based upon both proinflammatory (TNF-a) and antiinflammatory (IL-10) cytokine expression and show that a simple ratio of IL-10 to TNF-a best characterizes B-cell immune regulatory function. Based on the IL-10/TNF-a ratio, we show that TrBs exhibit the most anti-inflammatory cytokine profile in vitro. Whereas TrBs in renal allograft recipients with stable function were similar to healthy controls, those from patients with rejection were quantitatively and qualitatively altered. Remarkably, a reduced TrB IL-10/TNF-a ratio was predictive of worse clinical outcome. Figure  1 , A-C) as previously described. 18, 19 Further phenotypic characterization of both naïve and TrBs revealed that TrBs were CD20 hi , CD10
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+ , and IgM hi , whereas naïve B cells were CD20 + , CD10 2 , and IgM int ( Figure 1D ), consistent with previous reports. 19, 20 Next, magnetic bead-enriched (CD19 + ) B cells were stimulated with CpG and CD40L for 48 hours and analyzed for cytokine expression by intracellular staining, as previously described. 18 Both memory and TrBs were enriched for IL-10 expression compared with naïve B cells 17, 18 ( Figure  2 , A and B). These B-cell subsets also expressed the proinflammatory cytokine, TNF-a, at a surprisingly high frequency, which approximated or even surpassed that of IL-10 expression. TrBs contained the fewest TNF-a + B cells ( Figure 2 , C and D). Taken together, TrBs had the highest IL-10/TNF-a ratio, followed by memory B cells, whereas naïve B cells had the lowest ( Figure 2E ). Thus, CD24 hi CD38 hi TrBs exhibit the most anti-inflammatory cytokine profile. To address the possibility that in vitro stimulation could alter phenotype, B subsets were first purified and then cultured and cytokine expression was analyzed by ELISA. These results paralleled those obtained above, in which cells were assessed for phenotype after in vitro culture ( Figure 2F ).
We next sought to determine whether individual B cells simultaneously express more than one cytokine, using dualintracellular staining. This analysis revealed that a significant fraction of B cells coexpressed both IL-10 and TNF-a. Although TrBs had the highest frequency of B cells expressing IL-10 alone, memory B cells had the largest fraction of dual positive cells, and both memory and naïve B-cell populations were enriched for cells expressing TNF-a + alone (Figure 2 , G and H). The nature of cytokine polarization within these B-cell subsets remained stable when analyzed at 12, 24, and 48 hours ( Figure 2I ).
TrBs Selectively Inhibit Th1 Cytokine Expression in an IL-10-Dependent Fashion
To determine the regulatory capacity of each B-cell subset, purified populations from healthy volunteers were examined for their ability to inhibit cytokine expression by anti-CD3 stimulated autologous CD4 + CD25 2 conventional T cells (Tconvs). The regulatory activity of B-cell subpopulations was compared with that of an equal number of CD4 + CD25 hi regulatory T cells (Tregs) in the same assay ( Figure 3 ). Sorting gates and purities of the cell subsets are shown in Supplemental Figure 1 . TrBs were more potent at selectively suppressing TNF-a and IFN-g expression by Tconvs with no significant effect on IL-4, compared with memory or naïve B cells, and similar in potency to Tregs (Figure 3) . Thus, the strength of suppression in vitro correlates with and supports use of the IL-10/TNF-a ratio to define regulatory B cells (Bregs). The addition of neutralizing anti-IL-10 antibody to TrB cocultured with autologous Tconvs, restored both TNF-a ( Figure 4 , A and B) and IFN-g expression ( Figure 4 , C and D) by CD4 cells to the baseline levels observed when Tconvs were cultured alone. Thus, regulatory activity of TrBs was IL-10 dependent. The influence of TNF-a on regulatory function of memory or naïve B cells was analyzed by adding neutralizing antibodies to its receptors, TNFR1 and TNFR2, during coculture with Tconvs ( Figure 4 ). Neutralizing TNFR1 increased the ability of memory B cells to suppress TNF-a and IFN-g expression to levels comparable with those obtained with TrBs. Neutralization of TNFR2 was somewhat less effective than neutralizing TNFR1. Neutralizing TNFR1 and TNFR2 on naïve B cells also increased suppression, but the effect was much smaller than the effect on memory B cells, perhaps as a result of lower IL-10 expression by the naïve subset. In summary, neutralizing IL-10 inhibited the regulatory effects of TrBs, whereas blocking TNF receptors significantly improved the suppressive capacity of both memory and naïve B cells. This highlights the significance of both IL-10 and TNF-a in regulation of CD4 T cells by B-cell subsets. Supplemental Figure 2 shows the effect of TrB on CD45RA + and CD45RA 2 CD4 T cells.
Renal Transplant Recipients with Rejection Exhibit Qualitative and Quantitative Differences in TrBs
Having established the regulatory properties of TrBs, we investigated whether quantitative differences exist in renal transplant patients with stable allograft function versus rejection. TrBs from healthy volunteers (n=15) were compared with 88 renal allograft recipients (26-320 months after transplantation) who were predominantly nonsensitized recipients of first deceased donor transplants (79%) treated with basiliximab induction and maintained on calcineurin inhibitors and mycophenolate mofetil without maintenance steroids (Tables 1 and 2 ). Transplant recipients with stable function (n=41) were compared with 47 patients who underwent biopsies for graft dysfunction. On the basis of graft histology, this group was divided into recipients with graft dysfunction and no rejection (GD-NR; n=22) and recipients with graft dysfunction with rejection (GD-R; n=25). The mean time to PBMC sampling from the date of the biopsy was 15.869.3 days for the GD-NR group and 18.5617.9 days for the GD-R group (P=NS). Clinical parameters for these participants are detailed in Table 2 . Significant differences between the groups included a longer time since transplantation for GD groups and a higher usage of maintenance prednisolone as immunosuppression in the GD-R group, in part reflecting a change made at the time of diagnosis for the six patients with a concomitant diagnosis of T cell-mediated rejection and the nine patients who were taking long-term maintenance steroids. No other specific therapeutic interventions were initiated in these patients before blood sampling. Histologic classification of the GD-R group is detailed in Figure 5 and graft dysfunction in this group was largely attributable to chronic antibodymediated rejection, although 25% of the patients also had a component of T cellmediated rejection. Eighty percent of these patients (20 of 25) had a donorspecific antibody detected at the time of the biopsy.
TrBs from patients with stable allograft function were similar to those from healthy volunteers in terms of frequency (proportion of total B cells), absolute number, IL-10 expression, and IL-10/TNF-a ratio ( Figure  6 , A-D), although the mean value for each parameter was slightly reduced (not statistically significant). Whereas patients with GD-NR had a lower absolute number of TrBs compared with healthy volunteers and patients with stable allograft function, the trend toward a slightly lower IL-10/ TNF-a ratio was not significant. By contrast, patients with rejection (GD-R) showed a significant decrease in the percentage and, importantly, in the IL-10/ TNF-a ratio of TrBs compared with all other groups. The GD-R group had significantly higher TNF-a expression (13.461.3 for patients with stable allograft function versus 21.661.9 for patients with GD-R; P,0.001) and a relatively lower IL-10 expression (statistically not significant) that explains the significantly lower IL-10/TNF-a ratio ( Figure 6 , A-D). Thus, transplant patients with rejection display a quantitative decrease in Bregs and a change in their cytokine polarization, compared with those with stable graft function or GD-NR. Some patients with GD-R received corticosteroids for cellular rejection before having their blood sampled for this study. However, when only patients with GD-R who did not receive steroids are considered, they still have a significantly lower IL-10/TNF-a ratio compared with either healthy volunteers or patients with stable graft function (Supplemental Figure 3) . Of note, despite the decrease in IL-10/TNF-a ratio in TrBs in patients with GD-R, the IL-10/TNF-a ratio for the total B-cell population is similar across all groups ( Figure 6E ).
To determine whether the observed difference in the cytokine profile of TrBs between patient groups correlates with qualitative differences in regulatory function, we examined the ability of TrB to inhibit cytokine expression by autologous Tconvs in vitro. Purified TrBs from transplant patients with stable allograft function and those from healthy volunteers exhibited similar inhibition of IFN-g and TNF-a expression by Tconvs, while sparing IL-4 expression (Figure 6 , F and G). By contrast, TrBs from patients with GD-R exerted a are stimulated for 72 hours with plate-bound anti-human CD-3 (0. minimal effect on TNF-a and IFN-g expression by Tconvs, while significantly suppressing IL-4 expression. As a control, we examined Tregs from the same patients ( Figure 6G ). Unlike their B-cell counterparts, Tregs from patients with rejection were no different in their activity than those from patients with stable function or healthy controls. Because the same numbers of TrBs were added in each assay, the principal difference in TrBs from patients with GD-R and patients with stable allograft function was a decrease in their IL-10/TNF-a ratio. These results confirm the advantage of the IL-10/TNF-a ratio over IL-10 expression alone in predicting Breg activity.
Low IL-10/TNF-a Ratio Is Associated with Adverse Clinical Outcomes Finally, we analyzed the relationship between cytokine polarization within the TrB subset and graft outcomes. The IL-10/TNF-a ratio was reasonably strong in distinguishing patients with stable grafts from those with rejection by receiver operation characteristic curve analysis with an area under the curve of 0.823 (P,0.001) ( Figure 7A ). In patients with graft dysfunction, when the rate of deterioration of graft function was assessed over a 3-year follow-up from the time of the biopsy (n=44), patients with an IL-10/TNF-a ratio of TrBs below the group mean of 0.75 (low ratio) had significantly more graft deterioration (measured by DeGFR) compared with patients with a ratio above the group mean (high ratio) ( Figure 7B ). Moreover, a low IL-10/TNF-a ratio among TrBs was associated with a worse outcome (defined by either a doubling in serum creatinine from the time of the biopsy, or graft loss), with a trend toward poorer graft survival when this was analyzed for the GD-R group alone (Figure 7 , C and D). A similar, although nonsignificant, trend with diverging curves was seen even when the analysis was repeated with graft loss as an end point (Supplemental Figure 4) . Thus, functional variation within the TrBs was clinically significant and was associated with adverse graft outcomes.
DISCUSSION
Bregs have been shown to play an important role in regulating immune responsiveness through IL-10 expression in a variety of animal models. 10 ) and IL-10 expression may be unchanged, elevated, or reduced in patients with various autoimmune diseases. 4, 17, 18, 26, 27 We demonstrate for the first time that Bregs in renal transplant recipients with rejection are both reduced in number and altered in function, compared with either healthy controls or immunosuppressed patients with stable allograft function. By directly comparing human TrB and memory B cells from healthy volunteers, which have been reported to be enriched for IL-10 + B cells, 17, 18 we have shown that the TrB subset is most potent in suppressing proinflammatory cytokine expression by Tconvs in vitro. Importantly, this is not due to a higher frequency of IL-10-expressing cells within the TrB population; rather, increased activity is associated with diminished expression of proinflammatory cytokines. Indeed, B cells within naïve, memory, and TrB subsets are not only capable of expressing IL-10, but also TNF-a and individual cells can express both cytokines concomitantly. Our data demonstrate that a high IL-10/TNF-a ratio is a better indicator of polarization toward anti-inflammatory cytokines and B-cell regulatory activity than IL-10 expression alone. This may help explain inconsistencies between earlier studies.
The validity of the IL-10/TNF-a ratio as a marker for Bregs is supported by its ability to predict the potency of the B-cell subsets with equal IL-10 expression to suppress proinflammatory cytokine expression by Tconvs in vitro. Importantly, whereas neutralizing IL-10 blocked the suppressive activity of TrBs on autologous Th1 cytokine expression, neutralizing the effects of TNF-a by blocking its receptors increased the in vitro suppressive capacity of both memory and naïve B cells. The value of the IL-10/TNF-a ratio is further substantiated by predicting suppressive activity of TrBs from renal transplant patients with different clinical status. Despite exhibiting the same frequency of IL-10 expression, TrBs from patients with GD-R displayed a significantly lower IL-10/TNF-a ratio than other groups, including patients with graft dysfunction but without rejection (GD-NR). In addition, TrBs from rejecting patients were unable to inhibit Th1 cytokines while inhibiting Th2 cytokine production, in direct contrast with TrBs from transplant recipients with stable function. This suggests that aberrant immune regulation by Bregs in the setting of allograft rejection and is consistent with murine models in which Th1 responses are deleterious and Th2 responses promote engraftment. 28 Moreover, in patients with GD-R, the change in IL-10/TNF-a ratio was compounded by a decrease in the number of TrBs. Although causality cannot be established in this retrospective study, a reduced IL-10/TNF-a ratio within TrBs not only correlates with chronic antibody-mediated rejection (CAMR), but a low ratio is associated with adverse graft outcomes among patients with graft dysfunction. This suggests that the IL-10/TNF-a ratio of TrB cells may be a useful supplement to existing biomarkers of graft outcome, such as donor-specific antibodies, and warrants further prospective evaluation. 29, 30 There are several important consequences of this B cell functional heterogeneity. First, TrBs are not only more polarized toward an anti-inflammatory function as a subset, but individual cells within that subset are more likely to express IL-10 alone (without TNF-a coexpression) compared with either memory or naïve B cells. Thus, although the total number of naive and especially memory B cells expressing IL-10 is not substantially lower than TrBs, a greater proportion of the former express or coexpress inflammatory cytokines and appear less able to suppress T-cell responses. Moreover, in different clinical or pathologic states, the degree of polarization can change. These observations cast doubt over the ability of any phenotypic subset or single cytokine to adequately define human Bregs. Rather, our findings indicate that cytokine polarization is a better predictor of Breg activity. Definitive murine studies have shown that the expression of proinflammatory cytokines by B cells can markedly affect immune responses, for example by promoting Th1 differentiation or protective antibody responses to infectious pathogens. 5, 8, 31 It has been reported that B cells from patients with relapsing multiple sclerosis express significantly more proinflammatory cytokines than those from healthy controls, although cytokine expression was not actually correlated with disease activity nor was the phenotype of such B cells examined. 32 However, B-cell depletion with rituximab reduced T-cell proliferation and expression of proinflammatory cytokines. Our study highlights the importance of identifying the balance of proinflammatory and anti-inflammatory cytokine expression within specific B-cell subsets.
Recent studies showed that renal transplant patients who were "operationally tolerant" exhibit higher numbers of TrBs and IL-10 expression than nontolerant patients with stable renal function. 33, 34 In this study, patients with stable allograft function (on immunosuppression) have a similar number of and IL-10 expression by TrBs as healthy volunteers. Moreover, we recently showed that stable renal transplant patients with superior graft function, irrespective of immunosuppressive regimen, have higher numbers of both total B cells and TrBs compared with those with reduced renal function. 35 In this study, not only are TrBs reduced in the setting of rejection, but their cytokine profile and functional activity upon in vitro noncognate polyclonal stimulation are abnormal. Closer inspection reveals that most of the patients (80%) in the GD-R group exhibited microvascular inflammation and scarring with or without complement (C4d) deposition, and serologic evidence of circulating donor-specific HLA antibody-all features of CAMR. In 25% of these patients, a component of acute cellular rejection was superimposed. Whether Breg abnormalities precede the development of antibody-mediated or Data are presented as percentages. All categorical variables were compared using the chi-squared test. All continuous variables are analyzed using ANOVA with the Tukey post hoc test for multiple comparisons if normally distributed and the Kruskal-Wallis test for variables with skewed distribution. Adjusted P values for multiple comparisons after the post hoc tests are presented. P,0.05 is significant. N/A, not applicable; CNI, calcineurin inhibitor (cyclosporine or tacrolimus); MMF, mycophenolate mofetil/mycophenolate sodium; DSA, donor-specific antibody; IFTA, interstitial fibrosis and tubular atrophy (no obvious cause identified).
a Because graft age (vintage) is extremely skewed, median and interquartile ranges have been presented and data were analyzed by a nonparametric test. b Significant difference between stable allograft function and GD-R. c Significant difference between stable allograft function and GD-NR. d Significant difference between stable allograft function and GD-NR; stable allograft function and GD-R. e Significant differences between GD-R and the rest of the study population. f Other pathology includes urinary tract obstruction or vascular problems (two patients with definitive evidence of obstructive uropathy and one patient with renal artery stenosis were not biopsied). g Chronic transplant glomerulopathy with basement membrane multilayering.
cell-mediated rejection (suggesting causality) or occur as a result of these processes must await prospective longitudinal study. This is important because CAMR is a major cause of chronic renal allograft loss. [36] [37] [38] One limitation of this study is that six patients who exhibited an acute cellular component to their rejection on biopsies were initiated on treatment with corticosteroids before blood sampling. Thus, more patients with rejection were on maintenance corticosteroids. However, as noted above, patients with GD-R who did not receive corticosteroids still had a significantly lower IL-10/TNF-a ratio than other patient groups. Finally, it should be noted that the GD-NR group was heterogeneous and some patients had "immune-mediated" pathology such as recurrent GN. This may explain why this group exhibited some reduction in TrBs and IL-10/TNF-a ratio (not significant) compared with patients with stable allograft function and healthy volunteers, while remaining significantly higher than the GD-R group. In this study, although the in vitro suppressor assay utilized nonantigen-specific stimulation of T cells, it correlated well with IL-10/TNF-a ratio and clinical diagnosis and was predictive of 3-year outcomes. Validation of Ag-specific T-and B-cell responses in this in vitro assay will require further study.
Our study provides novel insights into the description of B cell-mediated immunoregulation in humans. Because a significant number of B cells, even in IL-10-enriched subsets, can express proinflammatory cytokines that can be modulated in the course of immune-mediated disease, we contend that any definition of the Breg phenotype should take this finding into account. Using such a strategy, we have shown that CD24 hi CD38 hi TrBs outperformed other B-cell subsets in their regulatory potential, and their cytokine polarization profile correlated with in vitro function and clinical status and was associated with clinical outcomes after biopsy in renal transplant recipients.
CONCISE METHODS
Study Participants
Venous blood samples were collected from healthy volunteers (n=15) and renal transplant recipients (n=88) and PBMCs were isolated according to standard criteria by Ficoll-Paque (Cedar Lane, Burlington, ON, Canada) density gradient centrifugation. Written informed consent was obtained from all of the participants according to the Declaration of Helsinki. The study was approved by the York Regional Ethics Committee (reference no. 08/H1311/41). Serum samples from the transplant recipients were stored for the analysis of HLA-specific antibodies. All renal transplant recipients followed up in our out-patient clinic were screened for graft dysfunction based on serial serum creatinine and proteinuria assessments. Patients with proteinuria of .0.5g/ d assessed by urine protein creatinine ratio on three consecutive random urine samples and/or deteriorating function as assessed by change in 1/ creatinine over a year 39 were offered a transplant biopsy. On the basis of the histology, they were grouped into patients with a histologic phenotype of rejection (GD-R, n=25) or patients with no evidence of rejection (GD-NR, n=22). This group was randomly selected based on the time elapsed since the date of the biopsy. Blood samples were collected over a period of 18 months. Patients who had a biopsy to blood sampling time of .3 months were not included in the study. The details of the Banff classification for the patients within the GD-R group are summarized in Figure 3 . Blood samples from these patients were collected for analysis within 3 months of the biopsy when the patients attended for their clinic appointments. A random group of 41 patients with stable graft function defined by stable creatinine and absence of proteinuria were used for comparative analysis. This group of patients was not biopsied in light of their stable renal function. The GD-R group was created on the basis of graft dysfunction along with that of the presence of at least one of either glomerulitis, peritubular capillaritis, and transplant glomerulopathy with or without peritubular C4d deposition in the peritubular capillaries in the presence of interstitial fibrosis and tubular atrophy. 40 All transplant recipients irrespective of their graft function were tested for the presence of HLA-specific antibodies. Table 1 summarizes the characteristics of patients and controls. None of the patients were commenced on any other therapy for rejection before blood sampling apart from the small subgroup of patients who received corticosteroids for the diagnosis of T cell-mediated rejection.
Antibodies, Flow Cytometry, Lymphocyte Isolation, and Cell Sorting
All experiments were performed on fresh cells on the same day of blood sampling. Anti-human mAbs included FITC-CD24 (ML5), PE-CD27 (M-T271), APC-CD27 (M-T271), PerCP-Cy5.5-CD38 (HIT2), PECD1d (UCHT2), FITC-CD5 (UCHT2), APC-H7-CD19 (SJ25C1), FITC-IgM (G20-127), PE-CD25(M-A251), PE-IL-10 (JES3-9D7), PE-TNF-a (MAb11), AlexaFluor 488-TNF-a (MAb11), PE-IL4 (8D4-8), AlexaFluor 488-IFN-g (B27), functional grade CD3 (HIT3a), and Figure 5 . Details of the Banff classification of the biopsies for patients in the GD-R group. Classification is as follows: 0, absent; 1, mild; and .1, moderate to severe. These findings show that the biopsies have a significant degree of chronic damage as suggested by ct, cv, and ci scores. aah, arteriolar hyalinosis; c4d, C4d deposition in the peritubular capillaries; cg, chronic transplant glomerulopathy with basement membrane multilayering; ci, interstitial fibrosis; ct, tubular atrophy; cv, fibrointimal thickening; g, glomerulitis; i, interstitial inflammation; mm, mesangial expansion; ptc, peritubular capillaritis; t, tubulitis; ti, total inflammation; v, endothelitis.
neutralizing anti-IL-10 (JES3-19F1) from Beckton Dickinson. APC-CD4 (OKT4), PerCP-Cy5.5-CD20 (2H7), PE-CD24 (eBioSN3), APC-CD38 (HIT2), FITC-CD27 (LG.7F9), and PerCP-Cy5.5-TNF-a (MAb-11) were from eBioscience (San Diego, CA). Neutralizing TNFR1 (clone 16805) and TNFR2 (clone 22210) antibodies along with the isotype controls were from R&D Systems. Brilliant violet 421-CD24 (M1/69) and AlexaFluor 700-CD27 (O323) were from Biolegend.
Absolute lymphocyte numbers were calculated using BD-Trucount beads as per the manufacturer's instructions. Red cells were lysed using BDFACSlyse. Nonspecific FcR binding was blocked by 20% human normal serum. Cursors were set using isotype and fluorochrome matched negative controls for both surface and intracellular staining. Cells were then analyzed using a BD FACSCalibur flow cytometer (Beckton Dickinson).
In some experiments, B cells were isolated from PBMCs by positive selection using CD19 magnetic beads (Miltenyi Biotec). In this setting, B-cell purity was reexamined using anti-CD20. CD4 + CD25 2 and CD4 + CD25 hi T cells were also enriched using MACS magnetic bead kits (Miltenyi Biotec). Various B-cell subsets were enriched by a Moflo cell sorter (Beckman Coulter) based on their surface expression of CD19, CD24, CD38, and CD27.
Cell Culture-Cytokine Detection
Magnetic bead-enriched B cells were suspended in RPMI 1640 (Life Sciences) supplemented with 10% FBS and 1% penicillin-streptomycin L-glutamine (Sigma-Aldrich) at 1310 6 cells/ml and stimulated with 10 mg/ml CpG (CpG-ODN2006; Invivogen, San Diego, CA) and 1 mg/ml CD40L (Sigma-Aldrich). Next, 50 ng/ml PMA (Sigma-Aldrich) and 1 mg/ml ionomycin (Sigma-Aldrich) and 1 ml/ml Brefeldin A (Beckton Dickinson) were added for the last 5 hours of cell culture. Cultured cells were stained with surface markers, fixed, and permeabilized using the Cytofix/Cytoperm kit (BD Biosciences) and then stained for intracellular cytokines. Alternatively, B-cell subsets were sort-purified and stimulated with anti-CD40 and CpG for 48 hours, and then cytokines were analyzed from the cell culture supernatants by bead-based ELISA (Invitrogen) using the manufacturer's instructions. Because all experiments were conducted on fresh PBMCs within a few hours of blood sampling, the cell viability tested by trypan blue method was approximately 80%-85% even after 48 or 72 hours of cell culture. 
B Functional Assays
Statistical Analyses
Statistical analysis was performed by SPSS (version 20) and GraphPad Prism (version 6) for Windows. Categorical variables were compared using the chi-squared test and continuous variables using the paired t test. Analyses with multiple comparisons were completed using ANOVA with Tukey post hoc analysis to account for the multiple comparisons in the case of normally distributed variables or the KruskalWallis test for variables with a skewed distribution. Analysis of allograft outcomes over a follow-up period was by the Kaplan-Meier method and the groups were compared by the log-rank test. A P value of ,0.05 was considered significant.
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